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F O R r n  ORD 

This repor t  i s  one of a  s e r i e s  of task  reports  which present  
the  r e s u l t s  of a  program performed by Bel l  Aerospace Company during 
the  period July  1967 through September 1969 under Contract ~ ~ 5 9 - 7 1 8 2  
f o r  the  National Aeronautics and Space Administration, Manned Space- 
c r a f t  Center. M r .  Darre l l  Kendrick was Technical Monitor of the  
program f o r  NASA. The Bel l  Aerospace Program Manager was . M r .  R .  K .  
Anderson. 

The purpose of the  program was t o  improve and update the  Apollo 
RCS pos i t ive  expulsion propellant  tank assemblies i n  the  areas  of per- 
formance, r e l i a b i l i t y ,  and mission duration. The program e f f o r t  was 
divided i n t o  the following major tasks ,  each of which i s  reported 
separa te ly .  

Task A - His to r i ca l  Summary Report - A chronological summary of the  
evolution of the  Command, Service, Lunar Module, and other  
re la ted  tankage was prepared. This summary includes data 
on a l l  configurations considered under the  appl icable  pro- 
grams and describes re la ted  IR&D work a t  Bel l  Aerospace 
Company. 

Task B - Long-Term Compatibility Test inq - The purpose of t h i s  t ask  
was t o  determine the  useful  operating l i f e t ime  of t he  Apollo 
configurat ion RCS tanks as applicable t o  a  mission of ex- 
tended duration with a spec i f i c  goal of 12 months. This 
t a sk  consisted of the following sub-tasks : 

B-1: Tank Assembly Storage: Three tank assemblies were 
stored with propellant  (N204, MMH, 50/50 f u e l  blend) 
f o r  1 2  months a t  operat ing pressure. A t  t he  end of 
t h i s  time, each tank was subjected t o  a  complete pro- 
pe l l an t  expulsion followed by disassembly and evaluation. 

B-2: Bladder Material Compatibility Testing: Teflon bladder 
mater ia l  specimens were subjected t o  r o l l i n g  of buckled 
fold  t e s t s  a f t e r  24 hours, 6 months, and 1 2  months 
exposure t o  Ng04, MMH, and 50/50 f u e l .  

B-3: External Flange Sea l  Evaluation: The e f f e c t  of i n i t i a l  
flange bo l t  t ightening a,nd re t ightening techniques on 
the  r a t e  of torque decay was evaluated during a l -year  
she l f  s torage period,  

Task C - 
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f l u i d  i s  representa t ive  of v ib ra t ion  t e s t i n g  with ac tua l  
propel lants .  To develop a co r r e l a t i on  with s u f f i c i e n t  
accuracy, the  following th ree  areas of t e s t i n g  were pursued: 

C - 1 :  Vibration t e s t s  were conducted with referee f l u i d  i n  
a p lexiglass  tank t o  define the  response character-  
i s t i c s  of the. bladder as af fected by ul lage  l eve l ,  
d i r ec t ion  of exc i ta t ion ,  and v ibra t ion  input  l e v e l .  

C-2: Rolling of buckled fold  t e s t s  were conducted on blad- 
der mater ia l  specimens t o  compare endurance i n  re fe ree  
f l u i d s  with endurance i n  propel lants .  

C-3: Ful l -scale  v ibra t ion  t e s t i n g  was performed on a Lunar 
Module RCS oxidizer  tank with N204. 

Task D - Elimination of Permeation and Bubble Formation - The ob jec- 
t i v e  of t h i s  t ask  was the  el imination,  o r  reduction, of 
bladder permeation and the  associated problem of bubble 
formation within the  bladder. This t ask  included two 
p r inc ipa l  areas of e f f o r t :  

D-1: Development of Permeation Barr ier :  This sub-task con- 
s i s t e d  of design and f ab r i ca t ion  of a Teflon bladder 
wi th  an aluminum f o i l  laminate as a permeation b a r r i e r .  
This bladder, which was of the  Service Module oxidizer  
configuration, was a l so  designed t o  function i n  an 
undersized configuration. 

D-2: Elimination of Bubble Formation i n  Current Apollo 
Bladder Configuration: Experiments were conducted 
on both model and f u l l - s c a l e  tanks t o  examine bubble 
formation phenomena as a funct ion of such var iables  
as temperature, pressure and ul lage  leve l .  Data from 
these t e s t s  were used t o  provide an emperical bas is  
f o r  a b e t t e r  understanding of the  mechanisms involved 
and the  e f f e c t  of each on bubble formation. 

Task E - 

nat ing damage due t o  post-expulsion reposi t ioning.  

E-1:  Service Module Oxidizer Bladder: The approach used 
t o  solve t h i s  problem was the  use of an undersized 
configuration s imi la r  t o  t h a t  used on the  Lunar Module 
RCS tanks to solve the  same problem, 
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E-2: Command Module Bladder: This problem was associa ted  
wi th  t h e  t w i s t  mechanism involved i n  a  h o r i z o n t a l l y  
mounted tank  during t h e  f i l l  cycle .  A s o l u t i o n  t o  
t h i s  problem could no t  be found w i t h i n  t h e  c o n s t r a i n t s  
of t h e  program. 

Task F - I n t e g r a t i o n  and V e r i f i c a t i o n  of Solu t ions  - The ob jec t ive  of 
t h i s  t a s k  was t o  devise a s e r i e s  of formal t e s t s  t o  demon- 
s t r a t e  compliance of design changes from Tasks D-1 and E 
wi th  t h e  requirements of t h e  appl icable  Apollo con t rac to r  
procurement s p e c i f i c a t i o n .  

Service Module ox id ize r  bladders of t h e  undersized config-  
u r a t i o n  wi th  an aluminum f o i l  laminate were subjected t o  
q u a l i f i c a t i o n - l e v e l  v i b r a t i o n  t e s t i n g  and were t o  be sub- 
jected t o  20 propel lant-expulsion cycles .  However, problems 
occurred during v i b r a t i o n  t e s t i n g  which r e s u l t e d  i n  bladder  
f a i l u r e  and t h i s  t a s k  could not  be completed wi th in  t h e  
l i m i t s  of t h i s  program. 

Since t h e  Command Module bladder t w i s t  problem was no t  
solved (Task E-2), no Command Module tank  t e s t i n g  was per- 
formed i n  Task F. 

This r e p o r t  covers t h e  e f f o r t  performed under Task F. The 
o the r  major tasks  a r e  reported i n d i v i d u a l l y  a s  fol lows:  

Task Report Number T i t l e  

A 8514-927002 H i s t o r i c a l  Summary Report 

B 8514-928004 Long-Term Compatibil i ty Test ing 

C 8514-928005 Cor re la t ion  of Referee Flu id  and 
Propel lan t  I n  Vibra t ion  Tes t ing  

D 8514-928003 Eliminat ion of Permeation and 
Bubble Formation 

E 8514-928006 So lu t ion  of Command Module and 
Service Module Bladder Reposi- 
t i o n i n g  Problems 
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I INTFtODUCTION 

The bbjective of this task was to devise a series of formal 

tests with NASA-approved procedures to demonstrate compliance of 

design changes from Tasks D-1 and E of this program with the 
dynamic and,expulsion requirements of the applicable Apollo 

contractor procurement specifications. 

Service Module oxidizer (SMO) bladders of the same undersized 

configuration as the Lunar Module bladder and containing an 

aluminum foil laminate were to be subjected to vibration, 30-day 

propellant exposure,and propellant expulsion testing. Three 

bladders of this design were subjected to vibration testing and 

failed during this phase of the test program. Consequently, 

the propellant exposure and expulsion tests were not performed. 

It has been concluded that the failure of these bladders does 

not invalidate the design concept, but rather points out that 

the bladder film thickness was too great to perform well with 

the present method of attachment to the diffuser tube, 

Since a satisfactory solution to the Command Module bladder 

twist problem was not found in Task E, no Command Module tank 
testing was performed in Task F. 
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11 . SUPlMARY 

Three SMO bladders of the undersized configuration used on 

Lunar Module RCS Tanks, with aluminum foil permeation barriers, 

were subjected to Apollo SMO specification vibration tests. 

The laminate constructions of the bladders were similar (20% 

Godispersion' Teflon - Aluminum Foil - FEP Teflon) with the 
thickness of each material and the placement of the aluminum 

foil within the laminate being the variables. 

All three bladders experienced failures during vibration 

testing. However, the failures could not be attributed to 

vibration fatigue damage. Duplication of the bladder failures 

with laboratory specimens indicated that the failures were 

caused by repetitive flexing followed by shock-type loads or 

low-temperature flexing. 

All bladders showed minimal wear except in the failed 

areas. No excessive wear was noted at the liquid surface where 

the Apollo-type Teflon (6-mil-thick) bladder designs had shown 

the greatest damage. Therefore, the SMO undersized bladder 

concept with an aluminum permeation barrier is valid and needs 

redesign only to decrease its stiffness (thickness) and/or 

improve the method of attachment to the diffuser. 
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111, DISCUSSION 

A .  Test Descript ion 

1. Procedure 

The aluminum f o i l  laminate bladders  were subjected 

t o  the  Apollo SMO spec i f i ca . t ion  v ibra . t ion  t e s t  requirements. The 

t e s t s  were conducted i n  accordance with the  procedures spec i f i ed  

i n  B e l l  Report Number 8514-928002, " ~ o d e l  8514 Service Module 

Oxidizer Type Pos i t ive  Expulsion Propel lan t  Tank, I n t e g r a t i o n  
I t  and V e r i f i c a t i o n  Test Procedure For. The v i b r a t i o n  t e s t s  con- 

s i s t e d  of s inuso ida l  and random v i b r a t i o n  i n  the  ta.nk long i tud i -  

n a l  (x )  a x i s  and l a t e r a l  ( z )  a x i s .  

The t e s t i n g  was performed with a  7.5% volumetric 

ul lage,  using Freon-T F  a s  the  simulated p rope l l an t .  The gas 

s i d e  of the  bladder  was pressurized t o  180 p s i g  with n i t rogen  gas.  

Helium leakage t e s t s  a t  10  p s i  AP ( i n t e r n a l - t o -  

e x t e r n a l )  were conducted on each bladder  before v i b r a t i o n  and 

a f t e r  each a x i s  of v ib ra t ion .  The gas s i d e  of the bladder  was 

monitored with a  halogen l eak  de tec to r  f o r  evidence of Freon 

a f t e r  s inuso ida l  v i b r a t i o n  and a f t e r  each random v i b r a t i o n  equa l i -  

za t ion  b u r s t .  

2 .  Tes t  Hardware 

The v i b r a t i o n  t e s t  program was conducted using 

Model 8514 Tank Assembly P/N 8514-471001-1 which cons is ted  o f :  

SMO Tank S h e l l  P/N 8271-471036-7 S/N 12 

SMO Dif fuser  P/N 8271-471233-15 S/N 30 

Aluminum F o i l  Laminate Bladders: 

P/N 8514-471008-1 S/N 69-1 

P/N 8514-471008-1 S/N 70-1 

P/N 8514-471008-1 S/N 68-1 

The bladder design was of the  Service Module 

Oxidizer (SMO) s i z e  except t h a t  t h e  c y l i n d r i c a l  sec t ion  was 2% 

~ n d e r s i 7 ~ e d  diametrally a s  shown i n  Figure J. The laminate con- 
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s t r u c t i o n s  a r e  shown i n  Figure 2.  A photograph of a  t y p i c a l  

bladder  i s  shown i n  Figure 3. 
SMO tank v i b r a t i o n  t e s t  f i x t u r e s  were used. A l l  

v i b r a t i o n  t e s t s  were conducted on the  MB Model C-125 shaker .  

3. Vibra t ion  Spectrum 

The v i b r a t i o n  spectrum f o r  a l l  t e s t s  was the  Apollo 

SMO s p e c i f i c a t i o n  requirement a s  fol lows:  

a .  S inusoida l  Vibra t ion  - 5  min/axis 

5 t o  33 Hz 0.036 inch D.A.  

33 t o  2000 Hz 2  g  peak 

Constant octave sweep from 5 t o  2000 Hz i n  approxi- 

mately 5 minutes. 

b .  Random Vibra t ion  - 15  min/axis 

0.035 t o  0.35 g 2 / ~ z  10  t o  100 Hz 

0.35 g2/m 100 t o  250 HZ 

0.35 t o  0.03 g 2 / ~ z  250 t o  2000 Hz 

4. Test  Instrumentat ion 

The tank s h e l l  was instrumented with acce lero-  

meters f o r  X-axis v i b r a t i o n  a s  shown i n  Figure 4 and f o r  Z-axis 

v i b r a t i o n  a s  shown i n  Figure 5. 

B. Test  Resul ts  

1. Bladder S/N 69-1 

Bladder S/N 69-1 success fu l ly  completed X-axis 

s i n u s o i d a l  and random v i b r a t i o n  and Z-axis s inuso ida l  v i b r a t i o n  

t e s t s .  Bladder f a i l u r e  occurred during Z-axis random v i b r a t i o n .  

Bladder leakage r a t e s  a r e  contained i n  Table 1 and v i b r a t i o n  

t e s t  times a r e  contained i n  Table 2.  

Random equa l i za t ion  runs i n  the  Z a x i s  were com- 

p le ted  without inc iden t .  However, when the  f u l l - l e v e l  random 

v i b r a t i o n  t e s t  was s t a r t e d ,  a  l a r g e  o v e r t e s t  condi t ion was 

encountered due t o  a v i b r a t i o n  t e s t  console component f a i l u r e .  

A 51 g shock input i n  one d i r e c t i o n  followed by a 37 g input  i n  
the  o p p o s i t e  d i r e c t i o n  was a p p l i e d  along the 7 a x i s ,  At this 
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time, a.n a.utoma.tic over1oa.d c i r c u i t  shu t  t h e  v ibra . t ion  t e s t  equip- 

ment down. Pea.k responses  on the  tank due t o  t h e  shock input  a r e  

l i s t e d  i n  Ta.ble 3. 
Tes t ing  wa.s tempora.rily suspended a.nd the  gas s i d e  

of t h e  bla.dder was checked f o r  evidence of Freon va.pors. No vapor 

could be d e t ~ c t e d ,  so  t e s t i n g  wa.s resumed. A f t e r  1 minute and 

47 seconds of f u l l - l e v e l  random dura.t ion t e s t i n g ,  a. decrease i n  

ta.nk p res su re  was noted.  The t e s t  was termina.ted and Freon vapor 

was de tec ted  on t h e  gas s i d e  of the  b l adde r .  

The tank  assembly was drained,  purged,and d i s -  

assembled. A p e r i p h e r a l  s l i t ,  approximately 2 inches  long, was 

found a t  t he  top  of t h e  bladder  a t  t he  edge of t h e  r e t a i n e r  washer. 

This  s l i t  was i n  l i n e  with the  Z a x i s  which was t h e  d i r e c t i o n  of 

e x c i t a t i o n .  A h i g h l y  s t r e s s e d  a rea  was found a t  t h e  edge of the  

r e t a i n e r  washer d i r e c t l y  oppos i te  t h e  s l i t .  ( ~ e f e r  t o  F igure  6  

f o r  photograph of b ladder  f a i l u r e . )  A s  can be seen i n  F igure  7, 
t h e  remainder of t h e  b ladder  was i n  e x c e l l e n t  condi t ion .  

A complete in spec t ion  of a l l  t h e  t ank  hardware d i s -  

c losed no abnormali ty  which could have caused o r  cont r ibu ted  t o  

t h e  f a i l u r e .  

During the  a n a l y s i s  of t he  f a i l u r e  i n  Bladder S/N 

69-1, s e v e r a l  modes of f a i l u r e  were e l imina ted  immediately. 

There was no evidence of mechanical damage o r  m a t e r i a l  d e f e c t .  

The f a i l u r e  c h a r a c t e r i s t i c s  observable i n  a  microtome cross-  

s e c t i o n  were of a  n a t u r e  t h a t  could n o t  :esult  from puncture o r  

o t h e r  mechanical damage o r  from laminate  d e f e c t s , ( S e e  Figure  8.) 
Ro l l ing  of a  buckled f o l d  ( v i b r a t i o n  f a t i g u e  

damage) can be e l imina ted  from cons ide ra t ion  by s tudying t h e  

c h a r a c t e r i s t i c s  of t he  f a i l u r e  a t  t he  b ladder  su r faces  and 

through t h e  c ross -sec t ion .  There was no r o l l i n g  f o l d  v a l l e y  o r  

l o c a l i z e d  depress ion  leading  i n t o  o r  p a r a l l e l i n g  the  f a i l u r e  a t  

any p o i n t ,  There were no s t r i a t i o n s  o r  white r idges  p r e s e n t ,  



Be81 Abaeiaeaspace Company ,,v,,.u, ,, 
POST O F F I C E  BOX O N E .  B U F F A L O ,  N E W  YORK 14240 

page 6 
Report 8514-928007 

These f e a t u r e s  always accompany r o l l i n g  fo ld  damage t o  Tef lon ,  

Roll ing fo ld  a c t i o n  of s u f f i c i e n t  dura t ion  t o  cause a  t o t a l  

rupture  inva r i ab ly  elonga.tes o r  d i s t o r t s  the  codispers ion  layer.  

( ~ e f e r  t o  Figure 8.) The edges of the  codispersion la.yer of the  

S/N 69-1 f a i l u r e  were even and abrupt  and showed no e longat ion  

o r  deformation, (See Figure 8.) The S/N 69-1 f a i l u r e  was repro- 

duced i n  the' l abora to ry  by sub jec t ing  specimens t o  r e p e t i t i v e  f l e x -  

ing  (100,000 cyc les )  followed by a  sudden shock s u f f i c i e n t  t o  

rupture  the  codispersion l a y e r .  A s  can be seen i n  Figure 8, t h e  

mode of f a i l u r e  of the  l abora to ry  shock specimens was very simi- 

l a r  t o  t h a t  of Bladder S/N 69-1. 

The foregoing evidence led  t o  the  conclusion t h a t  

t h e  previous ly  described o v e r t e s t  (shock impulse) was respons ib le  

f o r  the  f a i l u r e  of Bladder S/N 69-1. 

2 .  Bladder S/N 70-1 

As a  r e s u l t  of the  f a i l u r e  of Bladder S/N 69-1, 

Bladder S/N 70-1 was d iver ted  from Task E so  t h a t  the  i n t e g r a t i o n  

and v e r i f i c a t i o n  t e s t  program could continue.  Bladder S/N 70-1 

had been subjected t o  8 Freon TF expulsion cycles  i n  Task E. 
( ~ e f e r  t o  Report No. 8514-928006.) As can be seen i n  Figure 2 ,  

t h e  laminate conf igura t ion  of S/N 70-1 was i d e n t i c a l  t o  t h a t  of 

S/N 69-1. 

Bladder S/N 70-1 success fu l ly  completed s i n e  and 

random v i b r a t i o n  i n  both l o n g i t u d i n a l  (x )  and l a t e r a l  ( 2 )  axes 

without any i n d i c a t i o n  of bladder f a i l u r e .  The t o t a l  v i b r a t i o n  

time f o r  t h i s  b ladder  i s  shown i n  Table 2 .  

Af te r  completion of each a x i s  of v ib ra t ion  t e s t i n g ,  

the  tank was vented, the  bladder expanded,and the tank drained 

and purged. This was followed i n  each case by a  bladder  helium 

leakage t e s t .  I n  at tempting the  f i n a l  helium leakage t e s t ,  t he  

bladder  was found t o  have an excessive leakage r a t e ,  indicating 

bladder failure, 
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There had been no i n d i c a t i o n  of f a i l u r e  p r i o r  t o  t h e  

f i n a l  bladder  leakage t e s t ,  The gas e x i t i n g  from t h e  gas i n l e t  

p o r t  dur ing pos t -v ib ra t ion  vent ing  and during b ladde r  re-expansion 

was monitored f o r  presence of Freon-TF vapors and none were de tec t ed .  

The b ladder  assembly was removed from the  tank f o r  

eva lua t ion  and t h e  b ladder  was found t o  have a  0.007-inch-long 

rup tu re  loc8ted i n  t h e  r e t a i n e r  hemisphere 1 .75  inches  from t h e  

top  of t h e  bladder.  (See Figure  9.) The f a i l u r e  was ad jacent  t o  

an a rea  which exh ib i t ed  no t i ceab le  damage t o  t h e  FEP laminate  

loca ted  on the  o u t e r  s i d e  of the  f o i l .  The i n n e r  ( cod i spe r s ion )  

s i d e  showed only a  r i d g e  which contained the  r u p t u r e .  Other 

damage t o  t h e  b ladder  was minimal a s  shown i n  Figure  10.  

The f a i l u r e  a rea  was removed from t h e  bladder  and 

examined microscopica l ly  with t h e  fol lowing observa t ions  ( s e e  

Figure  11): 

a .  The rup tu re  was ad jacent  t o  an a rea  which had 

been somewhat damaged by r o l l i n g  of buckled f o l d  a c t i o n  a s  e v i -  

denced by some buckl ing  and necking down of t h e  codispers ion  

l a y e r .  (See Figure  UB.) 

b .  Although the  f a i l u r e  occurred i n  t h e  v i c i n i t y  

of an a rea  which displayed some f a t i g u e  damage due t o  v i b r a t i o n ,  

t h e  f a i l u r e  a rea  i t s e l f  d i d  no t  e x h i b i t  t he  normal evidence of 

f a t i g u e  due t o  r e p e t i t i v e  fo ld ing .  For example, Figure 1 1 A  does 

n o t  show the  reduct ion  i n  a rea  (necking down) exhib i ted  i n  t h e  

ad jacent  area  shown i n  Figure 1 1 B .  

c .  The f a i l u r e  had t h e  t y p i c a l  c h a r a c t e r i s t i c s  of 

a  b r i t t l e  f a i l u r e .  The rup tu re  of t h e  cod i spe r s ion  was abrupt  

with no reduct ion  i n  th ickness  and no observable  b i r e f r i n g e n c e  

which would i n d i c a t e  r e s i d u a l  s t r e s s e s  when s tud ied  under po la r -  

ized l i g h t .  

d .  The FEP laininate a t  t he  po in t  of rup ture  was 

broken with ve ry  l i t t l e  o r  no delamination,  i n d i c a t i n g  a l a c k  of 

r e p e t i t i v e  damaging a c t i o n ,  
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e ,  A microscopic s tudy of the cross-sec t ional  p r o -  

f i l e  of the  rupture  revealed t h a t  t h e  f a i l u r e  occurred when the  

ou t s ide  sur face  of the  bladder  i n  t h e  f a i l u r e  area was placed i n  

tens ion .  This study a l s o  indica ted  t h a t  the  sub-laminates of t h e  

codispersion l a y e r  had been s l i g h t l y  d i s t o r t e d  inward p r i o r  t o  

f a i l u r e .  

The above observat ions led  t o  t h e  conclusion t h a t  

t h e  rupture  of bladder  S/N 70-1 was not  a  fatigue-type caused by 

v i b r a t i o n  t e s t i n g .  Rather, it appeared t o  be caused by a  mech- 

anism involving a s i n g l e  cycle  ( o r  very few cyc les )  which 

involved r e v e r s a l  of s t r e s s e s  i n  the  f i l m  such a s  the  dra in ing ,  

purging,and bladder  expansion a t  t h e  conclusion of t h e  Z-axis 

v i b r a t i o n .  

Since it i s  known t h a t  such a  mechanism can cause 

f a i l u r e  i n  Teflon bladder  m a t e r i a l  a t  low temperatures,  t h e  t e s t  

l o g s  were reviewed t o  determine whether a  low-temperature con- 

d i t i o n  accompanied by bladder  motion due t o  i n t e r n a l  pressure  

could have occurred during p o s t - t e s t  bladder  se rv ic ing .  The 

r e s u l t s  of t h i s  review, together  with l abora to ry  s imulat ion t e s t s ,  

indica ted  t h a t  such a  condi t ion  could have e a s i l y  ex i s t ed  due t o  

vapor iza t ion  of trapped pockets of Freon-TF i n  the  r e l a t i v e l y  

s t i f f  bladder  f o l d s  which could have lowered t h e  bladder  tempera- 

t u r e  t o  a s  low a s  20°F. Since no i n d i c a t i o n  of bladder  f a i l u r e  

was observed during the Z-axis v i b r a t i o n  t e s t , o r  a f t e r  vent ing the  

pressure  following t h e  t e s t ,  it was concluded t h a t  t h e  f a i l u r e  must 

have occurred a f t e r  the  p o s t - t e s t  bladder  draining,  and most 

probably during t h e  purging. 

Even though the  f a i l u r e  a n a l y s i s  revealed t h a t  t h e  

Bladder S/N 69-1 and 70-1 f a i l u r e s  were not  d i r e c t l y  caused by 

v i b r a t i o n ,  the  i n i t i a l  f indings  indica ted  t h a t  a  th inner ,  more- 

compliant f i l m  may be more-desirable from the  s tandpoint  of 

lowering s t r e s s e s  i n  the  f o i l  laminate and making bladder  i n s t a l l a -  

tion and servicing l e s s  critical, 
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I n  the  i n t e r e s t  of developing a t h i n n e r  more-corn- 

p l i a n t  f i lm ,  the  fol lowing two candidate  laminate  cons t ruc t ions  

were evaluated:  

Configurat ion No. 1 Configurat ion No. 2 

2  m i l  TFE 3-1/2 m i l  Codispersion (20%) 

1-1/4 m i l  FEP 1-1/4 m i l  FEP 

1/4 m i i  A 1  F o i l  1/2 m i l  A l  F o i l  

3-3/4 m i l  FEP 4-3/4 m i l  FEP 

7-l/& m i l  To ta l  10 m i l  T o t a l  

Specimens of each cons t ruc t ion  were subjec ted  t o  

two types  of s t r a . i n  recovery t e s t s .  The f i r s t  t e s t  cons i s t ed  of 

a.pplying 2% unia.xia1 s t r a . i n  severa.1 times with t h e  s t r a i n  imposed 

each time f o r  1 minute and then  removed f o r  5 minutes.  

Specimen l e n g t h  was measured with an o p t i c a l  comparator a f t e r  each 

5-minute recovery per iod .  Af t e r  10  cyc les ,  each c o n s t r u c t i o n  

exh ib i t ed  very l i t t l e  s t r a i n  recovery.  

The second s t r a i n  recovery t e s t  cons i s t ed  of apply- 

i n g  a  2% u n i a x i a l  s t r a i n  t o  each specimen and r e t a i n i n g  t h i s  

s t r a i n  f o r  24 hours .  The s t r a i n  was then removed and specimen 

l e n g t h  was measured a f t e r  recovery times of 5 minutes, 1 hour, 

2  hours, 8 hours,  24 hours, 72 hours,and 90 hours .  Construct ion 

No. 1 showed a  s t r a i n  recovery of 50% a f t e r  1 hour and 70% a f t e r  

72 hours,  while Construct ion No. 2  showed 33% recovery a f t e r  1 

hour and 40% a f t e r  90 hours .  

Ro l l ing  of buckled f o l d  t e s t s  performed a t  1 4  cps 

i n  water a t  75°F ind ica ted  a  cyc le  l i f e  of 5700 t o  12,000 cyc le s  

f o r  Construct ion No. 1 and 9000 t o  13,500 f cyc le s  f o r  Construc- 

t i o n  No. 2. 

Based on t h e  above t e s t  r e s u l t s , i t  was concluded 

t h a t  t he  r a . t i o  of f o i l  1amina.te th ickness  t o  to t a .1  f i l m  th i ckness  

i n  each of the  candidate  cons t ruc t ions  was t o o  g r e a t  t o  al low 

dependable s t r a i n  recovery on a mul t ip l e  cyc le  b a s i s  which is 

necessary  in an undersized b ladder  conffgura t fon .  Also ,  a s  ~ l o u l d  

be expected due t o  i t s  g r e a t e r  f i l m  th ickness ,  t h e  No. 2  con- 

s t r u c t i o n  exhib i ted  a  markedly b e t t e r  r o l l - f o l d  cyc le  l i f e .  
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A s  a  r e s u l t ,  i t  was decided t o  f a b r i c a t e  a n d  vibra- 

t i o n  t e s t  a  f u l l - s c a l e  SMO s i z e  b l adde r  of t h e  undersized con- 

f i g u r a t i o n  us ing  the  No. 2 cons t ruc t ion  with  1/4 m i l  aluminum 

f o i l  t o  a l low b e t t e r  s t r a i n  recovery.  

3. Bladder S/N 68-1 

Bladder S/N 68-1 was f a b r i c a t e d  using t h e  p re -  

v i o u s l y  discussed laminate  c o n f i g u r a t i o n . ( ~ e f e r  t o  F igure  2.) 

Bladder S/N 68-1 s u c c e s s f u l l y  completed s i n e  and 

random v i b r a t i o n  i n  t h e  X a x i s .  The normal 15-minute random 

v i b r a t i o n  i n  t h e  X a x i s  was performed i n  two p a r t s  of 5 and 

10  minutes, r e s p e c t i v e l y .  A f t e r  the  i n i t i a l  5-minute random 

t e s t ,  t h e  tank  was drained and purged and a  b ladder  leakage t e s t  

was performed t o  determine the  amount of f o i l  damage which could 

be reasonably  expected a s  a r e s u l t  of launch and boost  v i b r a t i o n  

i n  an a c t u a l  miss ion.  A s  can be seen i n  Table 1, t h e r e  was 

e s s e n t i a l l y  no d i f f e r e n c e  i n  t h e  pre  and pos t  5-minute random 

v i b r a t i o n  leakage t e s t  r e s u l t s .  The tank  was then re loaded and 

t h e  remaining random and s i n e  v i b r a t i o n  was completed i n  t h e  X 

a x i s .  Again t h e  b ladder  leakage t e s t  revealed l i t t l e  o r  no 

damage t o  t h e  bladder ,  ( ~ e f e r  t o  Table 1 9  

The Z-axis s i n e  v i b r a t i o n  was completed without 

i n c i d e n t .  A f t e r  1 minute of random v i b r a t i o n  i n  the  Z a x i s ,  

b ladder  f a i l u r e  was experienced.  Bladder leakage r a t e s  a r e  con- 

t a ined  i n  Table 1 and t o t a l  v i b r a t i o n  time i s  shown i n  Table 2 .  

The tank assembly was disassembled and a  s l i t  

approximately 1 inch  long was found a t  t h e  top of t h e  b ladder  

a t  t h e  edge of the  r e t a i n e r  washer. (See Figure 12.) This  s l i t  

was i n  l i n e  with t h e  Z a x i s  and c l o s e l y  approximated t h e  Bladder 

S/N 69-1 f a i l u r e .  With t h e  except ion  of the  f a i l u r e  i t s e l f ,  very 

l i t t l e  damage had occurred t o  t h e  b ladder  o r  the  f o i l  l amina te ,  
F igure  13 shows t he  bladder w i t h  i n t e r i o r  l i g h t i n g  t o  h i g h l i g h t  

damage to t h e  foil laminate, 
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A s  can be seen i n  Figure 8, the  f a i l u r e  appearance 

of Bladder S/N 68-1 was e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  of Bladder 

S/N 69-1. As previous ly  discussed,  t h i s  type of f a i l u r e  was 

dupl icated by l abora to ry  t e s t s  of bladder  specimens which con- 

s i s t e d  of sub jec t ing  specimens t o  r e p e t i t i v e  f l e x i n g  followed 

by a  shock-type load.  
' An osc i l lograph ~ W o u t  of a l l  Bladder S/N 68-1 

v i b r a t i o n  time d isc losed  no shocks o r  o the r  anomalous inpu t s .  

However, t h e  Z-axis random v i b r a t i o n  showed high responses on t h e  

boss ( t o p )  end of %he tank and,in p a r t i c u l a r ,  t he  response of 

accelerometer No. 6  on t h e  t runnion  face  was sa tu ra ted  (est imated 

t o  be 125 grms). An es t ima t ion  of the  grms l e v e l s  from t h e  time 

h i s t o r y  records f o r  Bladder S/N 68-1 i s  given i n  Table 4.  A com- 

par i son  of these  estimated l e v e l s  with those measured on Bladder 

S/N 69-1 and 70-1 tanks (Table 4 )  showed an inc reas ing  d i f ference ,  

progressing from the  f lange end (bottom) t o  the  boss end ( t o p )  

of the  tank.  The estimated response of the t runnion face  ( long i -  

t u d i n a l  d i r e c t i o n )  exceeds t h a t  of S/N 69-1 by a  f a c t o r  of 2 . 3  

and t h a t  of S/N 70-1 by 3.6.  No reason f o r  the  apparent high 

l e v e l s  a t  the  boss end of Bladder S/N 68-1 tank was found. The 

Teflon i n s e r t  used t o  support  the  tank boss i n  t h e  Z-axis v i b r a t i o n  

t e s t  f i x t u r e  was no t  v i s i b l y  worn; however, the  top  ( t runnion)  end 

of t h e  t a n k s h e l l  was noted by t e s t  personnel t o  be extremely warm 

j u s t  a f t e r  terminat ion of t h e  t e s t ,  which would i n d i c a t e  t h a t  the  

Teflon i n s e r t  may have been s l i g h t l y  loose during t h e  t e s t .  

The exact cause of the  Bladder S/N 68-1 f a i l u r e  i s  

unknown. However, because the  f a i l u r e  c h a r a c t e r i s t i c s  a r e  iden t -  

i c a l  t o  t h a t  of Bladder S/N 69-1, i t  appears t h a t  the  abnormally 

high response l e v e l s  during the  Z-axis random v i b r a t i o n  were 

respons ib le  f o r  the  bladder  f a i l u r e .  
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I V .  ANALYSIS OF TEST RESULTS 

Two of the  t h r e e  bladders  f a i l e d  before completion of 

v i b r a t i o n  t e s t  with both f a i l u r e s  cons i s t ing  of long s l i t s  a t  

the edge of t h e  r e t a i n e r  washer which i s  the  poin t  of a t t ach-  

ment of the  bladder t o  t h e  d i f f u s e r  a t  the  top end of the  t ank .  

Both of thes6 b ladders  had been subjected t o  o v e r t e s t  condi t ions  

during l a t e r a l  a x i s  v ibra t ion;  S/N 69-1 had been subjected t o  

high shock loading  due t o  equipment malfunction and S/N 68-1 

had experienced responses of two t o  t h r e e  times the  normal 

response output ,  apparent ly due t o  a  loose  t e f l o n  bushing a t  

the  top of t h e  tank.  

The t h i r d  bladder  (S/N 7 0 - l ) ,  which had undergone e i g h t  

l i q u i d  expulsions p lus  an e x t r a  removal and i n s t a l l a t i o n  i n t o  a 

s h e l l  p r i o r  t o  v i b r a t i o n ,  completed t h e  v i b r a t i o n  t e s t  s a t i s -  

f a c t o r i l y .  I t s  f a i l u r e ,  unl ike the  o t h e r s ,  consis ted of a pin- 

hole  caused by reve r sa l  of a  fo ld  i n  the  bladder a t  low tempera- 

t u r e  during p o s t - t e s t  se rv ic ing .  

None of the  th ree  f a i l u r e s  showed the  c h a r a c t e r i s t i c s  of 

f a t i g u e  damage normally found i n  t e f l o n  bladder  f i lm;  t h e r e  was 

no necking down of t h e  laminates a t  the  poin t  of f a i l u r e  and no 

apprec iable  delamination i n  the  f a i l u r e  a r e a .  This was borne 

out by extens ive  l abora to ry  t e s t i n g  which could reproduce t h e  

S/N 69-1 and S/N 68-1 f a i l u r e s  only by repeated f l e x u r e  followed 

by shock loading,  and the  S/N 70-1 f a i l u r e  only by r e v e r s a l  of 

a  fo ld  a t  low temperature (20'3'). 

There was no evidence of apprec iable  ro l l ing- fo ld  damage 

a t  t h e  apex of double-buckled fo lds ,  which has been found t o  

be t h e  primary l i m i t i n g  f a c t o r  i n  the  f a t i g u e  l i f e  of Apollo- 

type t e f l o n  bladders  in v i b r a t i o n .  With the  exception of t h e  

imnediate failure area, each bladder showed minimal damage due 

to vibration. 
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A 1 1  t h e  evidence from t h e  bladder evalua t ions  and the  

l abora to ry  t e s t i n g  i n d i c a t e s  t h a t  bladder  s t i f f n e s s  was a  

major f a c t o r  i n  a l l  t h ree  f a i l u r e s .  It  appears t h a t ,  al though 

a  t h i c k e r  bladder  f i l m  appreciably inc reases  t h e  f a t i g u e  l i f e  

of t e f l o n  bladders  i n  the  ro l l ing-o f  -buckled fo ld  mechanism, 

the  added s $ i f f n e s s  can c r e a t e  o the r  l i m i t i n g  f a c t o r s  i n  

bladder  s e r v i c e  l i f e .  A s  the f a i l u r e s  of S/N 69-1 and S/N70-1 

indica ted ,  t h e  method of attachment of the  bladder  ends t o  t h e  

d i f f u s e r  becomes more c r i t i c a l  with a s t i f f e r  b ladder .  In 

addi t ion ,  th inner ,  more-compliant f i lm cons t ruc t ions  decrease 

t h e  danger of damage during assembly and i n s t a l l a t i o n  i n t o  t h e  

tank and during se rv ic ing  opera t ions .  

It should be pointed out  t h a t  the  a c t u a l  f i l m  th icknesses  

of t h e  bladders  t e s t e d  was appreciably g r e a t e r  than t h e  design 

requirements,  The measured th icknesses  of S/N 69-1 and 

S/N 70-1 were 14 .4  and 15.3 m i l ,  r espec t ive ly ,  compared t o  

the  design th ickness  of 12 .5  m i l .  s/N 68-1 had an ac tua l  f i l m  

th ickness  of 1 2 . 7  m i l ,  compared t o  the  design th ickness  of 

1 0 . 0  m i l .  

When examined a f t e r  t e s t i n g ,  a l l  t h ree  bladders  appeared 

t o  be i n  exce l l en t  condi t ion i n  the  undersized c y l i n d r i c a l  

sec t ion ,  inc luding  bladder S/N 70-1 which had e i g h t  l i q u i d  

expulsions p r i o r  t o  v i b r a t i o n .  Thus,the combination of 

aluminum f o i l  laminate  with t h e  undersized conf igura t ion  i s  

considered t o  be ' a  v a l i d  design concept.  

As shown i n  Table 1, bladder s/N 68-1 gave s t rong evidence 

t h a t  the  amount of v i b r a t i o n  experienced i n  a  normal launch/boost 

dynamic environment would do e f f e c t i v e l y  no damage t o  an 

aluminum f o i l  permeation b a r r i e r  i n  a  t e f l o n  bladder .  The 

0 . 1  scc / l5  minutes lzakage measured a f t e r  5 minutes of 

random v i b r a t i o n  i n  t h e  long i tud ina l  a x i s  i s  approximately 

0.1% of the  average a c t u a l  bladder leakage r a t e  experienced 

during acceptance t e s t i n g  of Apollo SMO tanks del ivered a s  

f l i g h t  hardware. 
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Using the  r e l a t i o n s h i p s  developed as  p a r t  of Task D of 

t h i s  program and reported i n  Bel l  Report 8514-928003, i t  

would take  approximately 34 months f o r  t h e  N204 i n  a  SMO 

tank with bladder  S/N 68-1 t o  reach t h e  same degree of helium 

s a t u r a t i o n  t h a t  would be reached by an average production 

bladder  i n  2 days. This would i n d i c a t e  t h a t  i n  missions of 

l e s s e r  dura t ion ,  perhaps even 1 year ,  temperature cycl ing  

wi th in  reasonable l i m i t s  could be t o l e r a t e d  without gas bubble 

formation wi th in  the  bladder,  s ince  the  p rope l l an t  would n o t  

be sa tu ra ted  and gas should n o t  go out  of s o l u t i o n .  However, 

should the  temperature cycl ing range be g r e a t  enough t o  d r ive  

some gas out of s o l u t i o n  as  the  temperature decreases,  the  

very low permeation r a t e  of the  f o i l  laminate  bladder should 

allow the  l i b e r a t e d  gas t o  r e t u r n  t o  s o l u t i o n  before i t  can 

be replaced i n  s o l u t i o n  by permeated gas from the  gas s i d e  

of t h e  b ladder .  
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CONCLUSIONS 

Report 8514-928007 

Based on ana lys i s  of t e s t  r e s u l t s  and l abora to ry  evalua- 

t i o n ,  t h e  following conclusions have been made: 

A .  The combination of an aluminum f o i l  laminate  a s  a  

permeation b a r r i e r  together  with an undersized c y l i n d r i c a l  

s e c t i o n  i s  a  v a l i d  design concept i n  Apollo RCS tank t e f l o n  

b ladders .  The f o i l  laminate w i l l  remain an e f f e c t i v e  permea- 

t i o n  b a r r i e r  a f t e r  normal launch-boost dynamic environments and 

t h e  undersized conf igura t ion  w i l l  not  cause damage t o  t h e  f o i l .  
This conclusion i s  g r e a t l y  subs tan t i a t ed  by the  successfu l  

employment of t e f l o n  bladders  of t h e  Apollo Command Module 

ox id ize r  s i z e ,  containing an aluminum f o i l  laminate,  on t h e  

Lunar Orbi te r  v e l o c i t y  con t ro l  system ox id ize r  tanks .  These 

bladders  were q u a l i f i e d  and were used f o r  f i v e  Lunar Orb5ter 

missions of dura t ions  up t o  339 days. These bladders  were 

approximately 7 m i l  i n  t o t a l  thickness ,  u t i l i z i n g  1/4 m i l  

f o i l  a s  the  permeation b a r r i e r .  

B .  The f a i l u r e s  experienced during the v i b r a t i o n  t e s t i n g  

reported he re in  were due t o  bladder  s t i f f n e s s  and could be 

avoided by use of a  th inner  f i l m  cons t ruc t ion  and/or a  change 

i n  t h e  attachment of t h e  bladder  ends t o  the  d i f f u s e r  tube .  
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VT . RECOMMENDAT1 ONS 

Since t h e  undersized bladder with aluminum f o i l  laminate  

has  been shown t o  be a  v a l i d  design f o r  Apollo-type t e f l o n  

bladders ,  i t  i s  recommended t h a t  f u r t h e r  s t u d i e s  be conducted 

t o  overcome t h e  design problem a t  t h e  b ladder- to-d i f fuser  

i n t e r f a c e .  This problem could be solved by l e s sen ing  t h e  

bladder  s t i f f n e s s  and by a l t e r i n g  the design of t h e  d i f f u s e r /  

bladder  i n t e r f a c e  i t s e l f .  

Additional s t u d i e s  should a l s o  be conducted i n  the  follow- 

ing  a r e a s :  

@ Effec t  of long- term prope l l an t  exposure on teflon/alwninwn 

bond s t r eng th  and f l exure  l i f e .  

@ Nondestructive technique f o r  measuring f i l m  thickness  

of teflon/alwninwn f o i l  b ladders .  

@ Further  refinement of f a b r i c a t i o n  techniques i n  t h e  

a reas  of e l imina t ing  in ter - laminate  bubbles, improved 

sintering/quenching techniques,  and e l iminat ion  of con- 

tamination between laminates .  
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F I G U R E  1. E X P U L S I O N  BLADDER 
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BLADDER S/N 68-2. 

J .  L 

. I  I .  
. . . .  4.24 MIL Codispersion 

. .  . , a  . . . _ .  . . . .  * I  

0.27 MIL AL 

TOTAL THICKNESS = 12.67 MIL 

BLADDER S/N 69-1 

, ' .  . .  . I . . .  , ,  . , I  8.0 MIL Codispersion 

-3 .LC MIL FEP 

TOTAL THICKNESS = 14.4 MIL 

BLADDER S/N 70-1 

.8 MIL 

.4 MIL 

Codispersion 

FEP 

.5 MIL AL 

3.6 MIL FEP 

- - 

TOTAL THICKNESS = 15 ,3 IvlIL 

FIGURE 2, BLADDER LAMINATE CONSTRUCTION 





F I G U R E  4. LONGITUDINAL X-AXIS V I B R A T I O N  PICKUP LOCATIONS 



LEGEND ( For Z-axis ) 

Flange End 
Flange End 
Tank Center, r a d i a l  
Tank Center, r a d i a l  
Blind End 
Trunnion Face, l ong i tud ina l  
Trunnion Face, l a t e r a l  
Gas Port  Tube 
Liquid Port  Tube 
Vent Tube 
Thermal Couple 

NOTE : 

Input  pickup on f i x t u r e  f o r  
v i s u a l  c o n t r o l  of  console 
and t ape  p l o t t i n g  cont ro l ,  

NOTE : 
For Y-Axis, Rotate  
Pickup Locations go0. 

VIBRATION PICKUP LOCATIONS 
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TABLE 1, %ADDER LEAKAGE RATES 

Post 5 min X-axis Random 

Post  10  min X-axis Random and Sine 

Pos t  Z-axis Sine and 15 see Random 

Post X-axis Random and Sine 

Post Z-axis Sine and 2 min Random 

Post  X-axis Sine and Random 

* scc/ l5  min Heliwn a t  10 p s i g  unless  otherwise noted.  

** I n i t i a l  leakage t e s t  performed using standard production l e a k  
t e s t  apparatus  not  s e n s i t i v e  below 0 .5  scc / l5  min. Other 
leakage t e s t s  performed using more-sensitive l abora to ry  
apparatus .  

*** Pre-vibra t ion  leakage t e s t  was made a f t e r  the  Task E expulsion 
t e s t s ,  inc luding  disassembly and reassembly opera t ions .  
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TABLE 2 ,  BLADDER VIBRATION TIME 

xBladder Fai lure  

NOTE: Total random v ib ra t i on  time includes a l l  equal iza t ion  time 
a t  low l e v e l  and high l e v e l .  
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TABLE 3, BUDDER S/N 69-1 TANK RESPONSE 
T O  SHOCK IMPULSE INPUT 

Accelerometer Location 

TABLE 4. COMPARISON O F  Z - A X I S  RANDOM 
V I B R A T I O N  RESPONSE LIWELS 

Accelerometer 



Bgll Aerospace Company ,,v,,bO, ,, 
POST O F F I C E  B O X  O N E .  B U F F A L O ,  NEW Y O R K  14240 

SIGNATURES 

(Report Approval) 

8 K. R Date: /-H-?cJ -70 
Program Manager - Model 8514 
Bell Aerospace Company 

Date : / -  20.- 7 0  

Structural Systems Department 
Bell Aerospace Company 

Date : / -  21 - 70 
Defense Contracts 
Administration Service 
Coordination 




